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ABSTRACT
Phenological observations of eucalypts (Myrtaceae) were undertaken in four Australian states (New South Wales,
Queensland, Victoria, and Western Australia) from the late 1920s until the early 1980s, by the respective State Forest
Commissions. Unfortunately, few records have survived. For Victoria, surviving records encompass 42 forest districts,
covering from less than 2 years to 42 years, and approximately 50 species.
This paper concentrates on the flowering of four competing species (Eucalyptus leucoxylon, E. microcarpa,
E. polyanthemos, and E. tricarpa) over 23 years (1940–62) from Maryborough, Victoria, recorded on a monthly basis
by one observer over the period. This study represents one of the first attempts to utilize Australian phenological data to
detect responses to climate change.
There were no significant trends (P = 0.05) over time in the mean flowering commencement date. Forward
stepwise regression found a significant relationship between temperature and flowering commencement in two species
(E. leucoxylon: R2 = 0.42, P < 0.01; E. polyanthemos: R2 = 0.47, P = 0.02). Rainfall also had a significant influence
on flowering commencement in E. tricarpa (R2 = 0.60, P < 0.01), E. leucoxylon (R2 = 0.43, P = 0.02) and E.
polyanthemos (R2 = 0.24, P < 0.01). The combination of temperature and rainfall (with temperature exerting the greatest
influence), however, was significant for all species and had the most explanatory power (ranging from R2 = 0.74 to 0.85,
P < 0.01).
Overall, in response to predicted increases in temperature and summer rainfall, E. leucoxylon and E. tricarpa would
commence flowering later. In E. polyanthemos and E. microcarpa, increased temperature and rainfall will result in an
earlier onset of flowering. Copyright  2002 Royal Meteorological Society.
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1. INTRODUCTION
Phenological study involves the recording of recurring natural events such as the commencement of flowering
(Keatley et al., 1999; Koch, 2000) or the arrival of migratory birds (Sparks, 1999), and the influence on such
events by edaphic and climatic factors (Leith, 1974). Along with other forms of long-term monitoring,
however, phenology has often suffered from the view that the work is not ‘real science’ (Findlay and Jones,
1989; Sparks et al., 2000).
Recent analyses of phenological data, which have been used to examine potential impacts of climate change
and the observed global increase in temperature (IPCC, 2001a), are changing this perception (Schwartz, 2000;
Sagarin and Micheli, 2001; Whitfield, 2001). Phenological studies have demonstrated the impacts of climate
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change on biodiversity, agriculture, and forestry (e.g. causing the disturbance of flowering cycles of plants)
(IPCC, 2001b).
These studies, however, have thus far used data concentrated in the Northern Hemisphere. The majority of
studies have used data covering 20 years or more (Manning and Nobre, 2001), necessitated by the inherent
noise in these data sets (Menzel et al., 2001).
1.1. Overview of phytophenological studies in Australia
Indications are that long-term phenological studies within any discipline are extremely limited in Australia
(Manning and Nobre, 2001). The extent and availability of phytophenological records are largely unknown, as
there is not a coordinated approach to their compilation, storage, and reporting. Datasets spanning a century
or more, such as are found in Europe (Sparks and Carey, 1995; Ahas, 1999), are unlikely in Australia, given
the short period of European settlement (e.g. since 1788 for Sydney, and since 1835 for Melbourne).
Eucalypts form the focus of known Australian phytophenological studies, as they are the dominant species
both in a botanical and economic sense (Boland et al., 1984). By 1893, the ‘vagaries’ of Eucalyptus flowering
had been recognized and published in the second edition of The Colonial Beekeeper (Chambers, 1893).
Between 1905 and 1921, information on the approximate flowering times for eucalypts was published in
apiary journals (McLachlan, 1909, 1921).
Forest Commissions undertook monitoring of the reproductive phenology of eucalypts in four Australian
States (New South Wales, Queensland, Victoria, and Western Australia) over varying periods, from 1925 to
1981. The primary aim was to understand the production of seed for regeneration after harvesting; but, to do
so, there was a requirement to understand the whole reproductive cycle, commencing with bud development.
The duration of surviving observations varies significantly within and between the States. In Victoria, where
this study is based, the datasets range in length from 2 to 42 years, and encompass 50 species.
Currently, there are limited phenological studies undertaken at a research level in Australia (Pook, 1997;
Keatley, 1999; Law et al., 2000). These are representative of the type of study being funded — short term
(10 years or less) and focused mainly on commercial species.
1.2. Objectives
This paper has two objectives:
1. To examine the flowering of four competing species and determine whether there has been a change in
flowering commencement date over time (1940–62).
2. To determine whether there is a relationship between flowering commencement date and climate (temper-
ature and rainfall).
The impact of climate change in the region of study includes a predicted increase in annual average
temperature of approximately 1 °C (predicted range of 0.4 to 1.3 °C) by 2030 (CSIRO, 2001). A 5% (predicted
range of 0 to 10%) increase in rainfall per 1 °C global temperature increase is predicted for the warmer months
(November to April) (Whetton et al., 1996). In the winter months (May to October), the predicted rainfall
change ranges from −5 to +5%, and so the midpoint of 0% (no change) has been assumed. Given these
general trends, the analyses will examine likely scenarios for changes (‘shifts’) in flowering commencement.
2. DATA AND METHODS
2.1. Phenological data
The records used in this study come from Victoria and are the field data of a Forest Overseer, Mr Bill
Sheen, who worked in the Maryborough district (see Figure 1) between 1934 and 1962.
The surviving records cover the period from 1940–62. It is evident from notes in Sheen’s field diaries that
records commenced earlier. These records, however, have been lost. Whilst there are also records from 1962
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Figure 1. Study site location
to 1978, these were recorded by another observer. Analysis of the data shows that interpretation of intensity
and distribution of flowering differed between observers (Wells, 2000). These records have therefore not been
included in this study.
Sheen reported the timing and distribution of flowering and budding of eight species. The observations
were undertaken on a regular basis, on the 15th (and sometimes 16th) of each month. Whilst the monthly
basis of the data limits the sensitivity of the analysis, no data of greater temporal resolution are known to
be available in Australia. It should also be noted that the mean flowering for each of the species studied is
greater than 3 months. Observations were undertaken within plots. This study concentrates only on the four
species that commonly occur together (Muir et al., 1995):
• Eucalyptus leucoxylon — yellow gum (YG)
• E. microcarpa — grey box (GB)
• E. polyanthemos — red box (ReB)
• E. tricarpa — red ironbark (RIB).
2.2. Climatic data
Daily rainfall and daily minimum and maximum temperature records were obtained from the Bureau of
Meteorology for the closest weather station (approximately 3.5 km away): Maryborough, Victoria (37°03′S,
143°44′E, 249.3 m elevation). The temperature dataset had some missing data. When only one day was
missing, the average of the temperature either side of the missing date was used. If two or more days were
not recorded, then the mean minimum or maximum temperature for that month was substituted.
The primary subject of this study is the relationship between flowering commencement date and temperature,
since temperature is a major climatic influence on phenological events such as flowering (Schwartz, 2000;
Snyder et al., 2001). The study area, however, experiences mean annual areal potential evapotranspiration
significantly in excess of mean annual rainfall, and so the influence of rainfall has also been examined, both
alone, and in combination with temperature.
Mean areal potential evapotranspiration was derived from Wang et al. (2001). These data, along with the
mean monthly rainfall and the minimum and maximum temperatures, are illustrated in Figure 2.
Figures 3 and 4 show the long-term climatic data for the study site, between 1939 and 2001. Figure 3
presents the deviation between annual mean daily temperature and the long-term mean for annual mean daily
temperature over this period. Figure 4 presents the deviation between annual rainfall and the mean annual
rainfall for the same period. The study period is identified by a dashed box in each figure, and includes the
year 1939 (1 year before the flowering data commence), to encompass climatic influences up to 12 months
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Figure 2. Mean monthly rainfall, minimum and maximum temperatures, as well as mean areal potential evapotranspiration
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Figure 3. Deviation of annual mean daily temperature from long-term (1939–2001) mean of annual daily temperature (heavy line shows
5 year moving average). Gaps represent years with significant missing data
prior to flowering. Linear regressions for the temperature and rainfall data over the period from 1939 to 2001
show no significant trends (P = 0.90 and P = 0.27 for temperature and rainfall respectively). For the study
period (1939 to 1962) considered in isolation, there appear to be very weak increasing trends in temperature
(R2 = 0.06, P = 0.13) and rainfall (R2 = 0.10, P = 0.07).
2.3. Analysis methods
The annual average flowering commencement date (commencement of flowering is defined by the presence
of open flowers in the crown) was calculated for each species. The average daily temperature for each
month and total rainfall for each month were calculated, for the 12 months prior to the average flowering
commencement date. Eucalypt flower buds may develop over at least 12 months (Davis, 1969; Loneragan,
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Figure 4. Deviation of annual rainfall from long-term (1939–2001) mean of annual rainfall (heavy line shows 5 year moving average)
1979; Moncur and Boland, 1989), meaning that climatic conditions over this period may have an influence on
the commencement date of flowering. Consequently, incorporation of 12 months of climate data are required
(3, 6 and 9 months prior were also examined, but were found to have less descriptive power).
Stepwise forward regression and simple linear regression were then used to examine the relationships
between the date of commencement of flowering and the climatic data.
3. RESULTS
3.1. Flowering over time
Figure 5 shows the variation in flowering commencement date between 1940 and 1962, for all four species.
E. polyanthemos (mean flowering commencement day ± std dev. = Julian day 286.7 ± 48.6) and E. tricarpa
(99.4 ± 53.1) show no real change in flowering commencement date over the 23 years. Whilst it appears
that over this time frame that E. leucoxylon (mean: 133.7 ± 51.3) flowering has commenced later and E.
microcarpa (47.9 ± 28.9) has started flowering earlier, both series are influenced by individual points which
exhibit substantial leverage on the trend. None of these linear trends is significant at P = 0.05.
It should be noted that flowering in E. leucoxylon lasted for longer than 12 months on four occasions
(1941–42, 1946–47, 1956–57, and 1958–59), preventing the incorporation of the ‘next year’ in each case
(shown by missing data points). The other three species did not flower every year (which is a common
occurrence in eucalypts (Goodman, 1973)), and the lack of data points in these three graphs indicate the non-
flowering years. Potential environmental factors (e.g. solar radiation intensity, soil moisture) which contribute
to eucalypts failing to flower in some years are not well understood (House, 1997).
3.2. Influences of temperature on flowering commencement date
Table I shows that the influence of temperature was significant in two species only: E. leucoxylon and E.
polyanthemos.
E. leucoxylon, which usually flowers in May in Maryborough, has 42% of the variation in its flowering
commencement date accounted for by temperature. The addition of the regression coefficients indicates that
the overall influence of the temperature is positive in this species. This suggests that, in response to a
temperature increase, flowering would commence later: a shift of 21.1 days for an increase of 1 °C. However,
given that 58% of the variation in flowering commencement is unaccounted for, this figure should be viewed
with caution.
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Figure 5. Julian flowering commencement date of yellow gum (E. leucoxylon), grey box (E. microcarpa), red box (E. polyanthemos)
and red ironbark (E. tricarpa), in relation to time (1940–62). (Note: E. polyanthemos normally commences flowering around October.
In 1944, E. polyanthemos did not commence flowering until 15 January, and hence its Julian day of commencement is recorded as 380
(i.e. 365 + 15 days))
Table I. Stepwise regression coefficients for flowering commencement date (Julian days) in relation to temperature. Aster-
isks indicate the average month of flowering commencement (E. leucoxylon: YG; E. microcarpa: GB; E. polyanthemos :
ReB; E. tricarpa: RIB)
Species Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec R2 P Shifta
(days)
YG 20.3 ∗ 29.1 −28.3 0.42 <0.01 21.1
GB ∗ NS
ReB −19.2 28.9 −28.3 −21.3 ∗ 20.1 −13.2 0.47 0.02 −33.0
RIB ∗ NS
a Shift in flowering commencement date calculated per 1 °C in global temperature increase (Whetton et al., 1996).
E. polyanthemos, which commences flowering in the middle of the Australian spring, has 47% of its
variation in commencement date explained by temperature. The months (November–February, April) found
to be significant are concentrated in the warmer part of the year. The overall influence of temperature in
this case is negative, indicating that an increase in temperature would result in flowering starting earlier by
approximately 33 days. The same caveat, however, in relation to the amount of variation unaccounted for
(53%), applies here.
Copyright  2002 Royal Meteorological Society Int. J. Climatol. 22: 1769–1780 (2002)
PHENOLOGICAL STUDIES AND CLIMATE ANALYSIS 1775
3.3. Influences of rainfall on flowering commencement date
Table II illustrates that rainfall has a significant influence on E. leucoxylon and E. tricarpa (both of which
commence flowering in autumn), as well as on E. polyanthemos. A greater proportion of the variation in
flowering commencement is explained by rainfall in E. tricarpa (60%), with increased rainfall delaying the
onset of flowering. This would, however, result in a delay of only 0.4 days (as presented in ‘Shift’ column
in Table II), assuming the 5% increase in rainfall between November and April that is predicted for this
region (Whetton et al., 1996). Given the assumed scenario of no change in winter half-year (May to October)
rainfall, any significant relationships between flowering date and winter rainfall did not contribute to the
predicted shift in flowering commencement. Both E. leucoxylon’s and E. polyanthemos’ relationship with
rainfall is negative, accounting for 43% and 24% of the variation respectively. Therefore, these species
would be expected to flower earlier, given the overall influence of all months (E. leucoxylon: 11.9 days;
E. polyanthemos; 1.4 days). The influence of rainfall in individual months can, however, be opposing. For
example, in E. leucoxylon, increased rainfall in January leads to later flowering, whilst increased rainfall in
the other significant months leads to earlier flowering. In general, the rainfall-induced shifts in flowering
commencement date are relatively small, given the assumed scenario of rainfall increasing only during the
warmer half of the year (Whetton et al., 1996).
3.4. Combined influence of temperature and rainfall on flowering commencement
Table III indicates that flowering commencement in all four species is significantly influenced by the com-
bination of temperature and rainfall. It also illustrates that the relationship between flowering commencement
and these climatic variables is complex. For each species the variation explained by the combined influence
of temperature and rainfall is greater than that explained by just temperature or rainfall alone, with the com-
bined R2 values ranging from 0.74 to 0.85. Temperature, however, results in much greater shifts to flowering
commencement date than does rainfall.
In both E. leucoxylon and E. tricarpa the influence of (increasing) temperature indicates a shift to later
flowering. The influence of rainfall adds only marginally to this shift (+0.7 days) to later flowering in
E. tricarpa, and yields almost no change (+0.01 days) in E. leucoxylon. These shifts are based on the predicted
5% rainfall increase between November and April, with an unchanged rainfall for the remaining cooler months
of year.
The overall shifts in flowering commencement indicated for E. leucoxylon and E. tricarpa are very large
(70.6 days and 69.1 days respectively). These figures, however, must be considered against the wide variation
observed in flowering commencement date for these species (133.7 ± 51.3 and 99.4 ± 53.1 respectively).
Wide variation in flowering commencement date is a well-reported trait of eucalypts (e.g. Ashton, 1956,
1975; Bassett, 1995; Pook, 1997).
Table II. Stepwise regression coefficients for flowering commencement in relation to rainfall. Asterisks indicate the
average month of flowering commencement (E. leucoxylon: YG; E. microcarpa: GB; E. polyanthemos : ReB; E. tricarpa:
RIB)
Species Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec R2 P Shifta
(days)
YG 0.7 −3.8 −3.5 −0.7∗ −1.7 0.43 <0.02 −11.9
GB ∗ NS
ReB −1.1 ∗ 0.24 0.02 −1.4
RIB −0.9 1.4 ∗ 0.7 1.1 −0.7 −0.7 1.7 0.60 <0.01 0.4
a Shift in flowering commencement date calculated from predicted 5% increase in summer half-year (November–April) rainfall, per
1 °C increase in global temperature, with no change in winter half-year rainfall (Whetton et al., 1996).
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Table III. Stepwise regression coefficients for flowering commencement in relation to temperature (T) and rainfall
(R). Asterisks indicate the average month of flowering commencement (E. leucoxylon: YG; E. microcarpa: GB;
E. polyanthemos : ReB; E. tricarpa: RIB)
Species Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec R2 P Shifta
(days)
YG T 3.9 8.5 15.1∗ 43.7 49.6 −50.2 0.79 <0.01 70.6
R 0.6 −0.4 −3.1
GB T ∗ 37.0 −62.9 58.0 −33.2 −42.1 0.84 <0.01 −41.4
R 1.4 −0.5 0.6 −1.4 −0.7
ReB T 8.7 −9.8 −41.4∗ 0.74 <0.01 −43.8
R −1.9 0.6 −1.1
RIB T 10.0 −7.4 24.1∗ −45.5 69.9 17.3 0.85 <0.01 69.1
R −1.0 0.8 0.7 0.3 2.2 −2.9
a Shift in flowering commencement date calculated per 1 °C global temperature increase, with corresponding 5% predicted increase in
summer half-year (November–April) rainfall, and no change in winter half-year rainfall (Whetton et al., 1996).
An increase in global temperature of 1 °C would result in earlier flowering in E. microcarpa (41.4 days) and
E. polyanthemos (43.8 days). Again, rainfall either adds slightly to (E. polyanthemos, −1.3 days) or reduces
slightly this shift (E. microcarpa, +0.74 days).
4. DISCUSSION AND CONCLUSIONS
4.1. Limitations of analyses
These data were collected on a regular monthly basis, and hence there is a possibility that the observed
flowering date may be up to a maximum of 30 days later than the actual date of commencement (i.e flowering
may have commenced ‘in between’ two monthly observations). Interpretation of the predicted shifts in
flowering date should take into account this sampling regime. Unfortunately, no long-term data of higher
temporal resolution are known to be available within Australia.
The species studied here are found across different bioregions within southeastern Australia (Costermans,
1983), and hence the results outlined here may not be applicable elsewhere. Future work should aim to expand
this analysis to other species and regions within Australia.
The available climate data are from a monitoring station in relatively close proximity (3.5 km) to the study
site. Small-scale local variations in climate may have a minor impact on the observed relationships between
climatic data and flowering commencement date.
As previously stated, Australian phenological records are very limited. The dataset used for this study,
extending over 23 years, represents a good length record by Australian standards. Clearly, however, this type
of analysis is most reliably undertaken with the longest data record possible.
4.2. Implications of results
Flowering commencement in E. leucoxylon, E. microcarpa, E. polyanthemos, and E. tricarpa did not show
a statistically significant change over the relatively short study period (1940–62). Similarly, whilst there
are observed increasing trends in temperature (Figure 3) and rainfall (Figure 4) over the period, neither are
significant (regression P = 0.13 and P = 0.07 respectively). In examinations of growing seasons in Europe,
which have tended to find an overall lengthening (Menzel and Fabian, 1999; Ro¨tzer and Chmielewski, 2000),
the trend is strongest from the 1980s (Ro¨tzer and Chmielewski, 2000). In a future study, attempts will be made
to incorporate extra data (from a second observer, between 1962 and 1978) from the study site (subject to
successful calibration with the existing data), and from nearby sites, so that a longer period can be examined.
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Regardless of any trends over time, the results showed that flowering commencement in these species
is significantly influenced by temperature, by rainfall, or by their combined effect. Therefore, changes in
temperature and rainfall are likely to translate to changes in the timing of flowering commencement. The
magnitude of possible shifts indicated are far greater than previously reported (Walkovszky, 1998; Ahas,
1999; Sparks et al., 2000; Menzel et al., 2001), although an advance of 38 days has been reported for yellow-
bellied marmots (Inouye et al., 2000). This difference is not surprising, however, given the large variation in
flowering commencement date normally observed in these four eucalypt species.
When considered separately, temperature or rainfall has a significant influence on the flowering commence-
ment of some species only (e.g. temperature was only associated with E. leucoxylon and E. polyanthemos).
Previous studies (Porter, 1978; Keatley and Hudson, 2000) have found total rainfall over 2, 12 or 24 months
prior to flowering in three of these species (E. leucoxylon, E. polyanthemos, and E. tricarpa) to be a poor
predictor of flowering commencement date. The results presented in this paper suggest that it may be the
rainfall in specific individual months (perhaps during the onset of an important phenophase) that accounts
for the majority of variability in flowering commencement, rather than the total rainfall over defined periods.
Overall, the influence of rainfall under the assumed climate change scenario was relatively minor, except in
E. leucoxylon. E. microcarpa was the only species that was not significantly influenced by the individual
consideration of either rainfall or temperature.
The combined effect of temperature and rainfall was found to be highly significant in all four species.
In these relationships, temperature was the dominant influence. Therefore, given the predicted increases
in temperature and rainfall, change in the flowering commencement of each of these species is likely. E.
leucoxylon and E. tricarpa will commence flowering later, whereas E. microcarpa and E. polyanthemos will
flower earlier.
The possible consequences of shifts in flowering commencement are, at this stage, supposition (Sparks et al.,
2000). An intuitively expected effect, however, would be a change in pollination success, either through
competition or facilitation. Reproductive success may also be further influenced by a shift in flowering
commencement, as it seems that there is an optimal time (in terms of the success of seed development) for
species to commence or cease flowering, depending on bud and fruit volume (Primack, 1987; Keatley and
Hudson, 1998). In turn, these changes may ultimately result in a change to species composition with these
forests, as the relative reproductive success of each species changes over time. Additionally, the presence and
number of nectarivorous birds in southeastern Australian forests is closely aligned with the flowering intensity
of these eucalypts (i.e. mass flowering attracts large numbers of nomadic nectarivorous birds) (McGoldrick
and MacNally, 1998). Changes in flowering commencement are likely, therefore, to impact on the movement
of birds across the landscape.
The differences in the significance of influence of the climatic variables on each species also has implications
for which species should be chosen for future phenological monitoring in relation to climate change.
Bio-indicators are usually chosen because they show a relationship between a phenological stage and a
climatic variable, usually temperature (Walkovszky, 1998). The inherent variability in Eucalyptus flowering
commencement date may preclude the use of many species as bio-indicators.
The selection of an appropriate indicator species should also consider the direction of any predicted changes
in temperature and rainfall, and the subsequent predicted impact on flowering commencement date. It is
preferable for flowering to be made consistently later (or earlier) by the predicted changes in both temperature
and rainfall. Otherwise, the overall change in flowering commencement date may be confounded by opposing
reactions to temperature and rainfall, although, with adequate data, these sub-components should be able to
be delineated.
In the case of the species examined here, and for a region where temperature increases are predicted, along
with increases in summer rainfall, E. polyanthemos would be the most suitable. It was the only species in
which temperature and rainfall, singularly and combined, exerted their influence in the same direction.
The best overall prediction of flowering changes will be given by the examination of both temperature and
rainfall. Given the greater individual influence of temperature, however, it may prove more cost-effective,
and easier to interpret, if the relationship between temperature and flowering commencement is the primary
focus of future monitoring.
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4.3. Future directions for phenological studies in Australia
The future for Australian phenological studies rests with the securing of the historical data and the
establishment of a national phenological scheme.
Historical phenological records form part of our scientific memory (Keatley et al., 1999) and enable the
determination of the behaviour of biological processes in the past, a crucial requirement for research into
climate change impacts. Unfortunately, historical data are often undervalued by their custodians (the agencies
who collected them) and are consequently lost (Walkovszky, 1998; Keatley et al., 1999; Sparks, 1999). There
is an urgent need to safeguard against this. For research purposes, the historical data, which are in the written
form, need to be digitized (Sparks, 1999). In this form, the data can be centralized and readily stored.
Currently, a search is being undertaken to determine whether the phenological data from other states in
Australia have survived.
The historical data detail past behaviour, but the current, short-term phenological studies are only
providing snapshots in time. In order to determine the nature and magnitude of the impact that climate
change may have on ecosystems, continuous data provided by bio-indicators are required (Cannell et al.,
1999). Consequently, there is a need for a national phenological monitoring programme, collecting data of
adequate spatial and temporal resolution to build on the preliminary analyses presented in this paper. Canada
(www.devonian.ualberta.ca/pwatch; Beaubien, 2001), the UK (www.phenology.org.uk; Attenborough, 2001)
and The Netherlands (www.natuurkalender.nl; Hutten and van Vliet, 2001) have recently re-established (1995,
1998, and 2000 respectively) volunteer-based national schemes that provide models suitable for Australia.
Temperature and rainfall influence the flowering commencement of the species examined. Temperature,
however, has the greatest influence. Therefore, predicted increases in temperature are likely to cause a shift
in flowering commencement date. These shifts would be to later flowering in E. leucoxylon and E. tricarpa
and to earlier flowering in E. microcarpa and E. polyanthemos.
E. polyanthemos would be suitable as a bio-indicator within a monitoring programme.
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